Introduction
Statistical software packages, for instance CANOCO and PCORD, are frequently used in the fields of phytosociology and phytogeography to show correlations of biotic and abiotic factors of an ecosystem in a more meaningful and scientifically interpretable way. Excursions and field surveys are the procedures ecologists are continuously using to understand vegetation compositional dynamics more effectively (Khan et al., 2012 (Khan et al., , 2016a . Forest development and dynamics are long-lasting processes that continue through seed dispersal mechanisms, environmental influences, and anthropogenic ups and downs. The relationships between vegetation and environment in Thandiani subforests division (TsFD) were strong like many other adjoining areas and researchers have analysed different aspects of vegetation structure, dynamics, and classification in different parts of Pakistan (Saima et al., 2009; Ahmad et al., 2016; Khan et al., 2016b Khan et al., , 2016c Rahman et al., 2016a) . This broad vegetation survey on TsFD connects field studies with the mechanisms of remote sensing for better description of landscape dynamics using robust techniques (Fagan et al., 2004; Lawrence, 2005) . We mainly addressed two questions in the current study: (1) is it possible to classify vegetation of the region into different associations under the influence of environmental factors? (2) can the database technology be helpful in vegetation mapping and possible future conservation implications? The effects of elevation on the structure of vegetation within geo-morphological units in the study area were investigated. ArcGIS 10.2.1 (ArcScene, 3D Analyst, Spatial Analyst) was used for the analysis and mapping of the geographical position of vegetation type within the study area. In this study, vegetation dynamics of TsFD were linked to its environmental variables. Our method involves random parameterisation of the measured and estimated variables, followed by a dynamics partitioning via distance-based redundancy analysis of the vegetation structure, composition, and coordinates.
Materials and methods

Study area
The study area is the part of moist temperate forests of the western Himalayas of Pakistan with a comparatively rich biodiversity. The TsFD is located in the Galis forests division, Abbottabad, between 3329° to 3421° N latitude and 7255° to 7329° E longitude over an area of 24,987 ha, of which 2484 ha is Reserve Forests and 947 ha is Guzara Forests (Khan et al., 2016b) . The elevation range of the mountains reaches above 2600 m above sea level (m asl) at the highest point, of which Thandi is the Thandiani top, having an elevation of 2626 m asl (Figure 1 ). Most of this area is covered with pine forests and may be divided into three elevation ranges, namely the top range (2200 m to 2600 m asl), medium range (1700 m to 2200 m asl), and lower range (1200 m to 1700 m asl).
Data collection
Field trips were arranged in order to collect the phytosociological data of TsFD. Eight different stands were selected on the basis of different ecological gradients. The data were collected from 50 randomly selected sites/ stations at these 8 stands. For data collection the quadrat method was used following Malik and Malik (2004) and Khan et al. (2013a) . Vegetation as well as ecological data was taken at various stands; each consists of 30-35 quadrats of different sizes for trees, shrubs, and herbs. Sizes of quadrats used for trees, shrubs, and herbs were 10 × 5 m, 5 × 2 m, and 0.5 × 0.5 m, respectively. Similarly, the suitable numbers of quadrats in each stand were 5, 10, and 15, respectively. A GARMIN eTrex Vista GPS was used to collect data for analyses in ArcGIS; 10.2.1. Soil was collected from a depth of 15 cm and mixed to get a composite sample for each station. Plant specimens were also collected and taken to the herbarium, Department of Botany, Hazara University, Khyber Pakhtunkhwa, Figure 1 . Map of the study area showing geographical distribution of different plant associations/communities and habitat types in the study area (Khan et al., 2016b) .
Pakistan, where they were identified following Stewart (1972) and Nasir and Ali (1972) .
Data analyses
Classification and ordination are two frequently used methods of multivariate statistics to obtain plant associations and their ecological gradients in an unbiased way (Siebert et al., 2002; Pavlů et al., 2003) . Direct and indirect ordination techniques were used to observe the plants-environment relationship using the CANOCO program version 4.5 (Ter Braak & Smilauer, 2002; Hejcmanovā and Hejcman, 2006) after the use of PCORD version 5 (Khan et al., 2016b) . Detrended correspondence analysis (DCA) was used to detect the length of the gradient and canonical correspondence analysis (CCA) was applied to draw and understand the strength of each environmental variable on quantitative attribute of the plant species and associations in the region.
The findings of CANOCO were reconfirmed using remote sensing tools and potential harmony was found between the results obtained. An amoPersonal GEO database was created in ArcGIS 10.2.1 to save all GEO datasets. A GPS receiver (GARMIN eTrex Vista) was used to record coordinates of various stations in the sampled region. Based on field data and observations, boundaries of the study site were marked with the help of Google Maps. A digital elevation model (DEM) (three arc second, i.e. x,y = 90 × 90 m) was applied to mask the study area through the spatial analyst tool in which the extraction was kept greater than the mask. Hydrology > fill tool was used to fill the masked DEM layer and to remove small imperfections in the data. ArcGIS calculates the natural breaks automatically based on which via symbology technique the classes of elevation were increased up to 30. In this way the real grouping of the values occurred in a natural way. The same data were utilised in ArcScene 10.2.1 for creation of 3D visual diagrams of various plant associations. Streams are the main types of waterbodies in the region, which were delineated using the toolset of hydrology > stream tool order and later on converted to feature class through the "stream to feature" tool. Data of different plant associations analysed via PCORD and CANOCO were fed to ArcMap via the "Excel to table" conversion toolbox (Krivoruchko, 2012) . Attributes were categorised according to the type of association fed. A point map was created through overlaying of the plant association pattern on the DEM layer of the study region. Based on the Z value of each plant associations' point, graphs of the point profile were created from the 3D layer. Graphs of the scatter plot matrix for plant associations were compared with the results obtained through CANOCO software. A 3D line profile was created through elevation cross section of interpolating heights on the DEM surface. A 3D view of the study area showing all plant associations was generated in ArcScene. Graphs of scatter plot, point profile, and 3D line profile were added to the layout of plant association maps.
Results
Floristic diversity
Field preliminary surveys confirmed the family Pinaceae as the most abundant family with 1892.4 family importance value (abbreviated as FIV), followed by Rosaceae with 1478.2 and Ranunculaceae with 762.1. The other major families like Piplionaceae, Polygonaceae, Poaceae, Asteraceae, Plantaginaceae, and Euphorbiaceae were represented by 742.6, 689.1, 539.4, 494.1, 405.2, and 397.1 FIV, respectively ( Figure 2 ). Based upon plant habits vegetation of the region can be classified into 51 trees (20.24%), 48 shrubs (19%), and 153 herbs (60.76%). The most abundant plant family was Rosaceae with 20 species and a share of 20.6%, followed by Asteraceae with 14 species and 14.43% share. Ranunculaceae, Papilionaceae, Apiaceae, Caprifoliacea, Labiateae, Solanaceae, and Araceae were represented by 12, 9, 6, 6, 6, 6, and 5 plant species each, respectively. The remaining families were represented by less than 5 species each ( Figure 3 ). 
Vegetation mapping and plant associations
According to elevation variation the area was divided into the following two broad regions, i.e. the lower TsFD ranging from 1299 to 1900 m asl and the upper TsFD region ranging from 1900 to 2626 m asl. The lower region represented subtropical to temperate sort of vegetation, while the upper one represented moist temperate to cool temperate type of floristic elements. The association types identified through personal GEO database and Canoco software were given names based on the respective indicator of the specific association. The whole vascular flora of the region was divided into five plant associations/ habitat types.
Plant association of lowest elevation (1290-1591 m)
The association was found at the elevation of 1290 to 1591 m asl. The tree, shrub, and herb layers have characteristic (indicator) species of Melia azedarach L., Punica florida Salisb., and Euphorbia helioscopia L. The environmental variables that determined the occurrence of this association were low electrical conductivity, least organic matter, and low soil pH, which were linked with associated co-variables like aspect, phosphorous contents, and soil texture (Figures 4-7) .
Plant association of lower elevation (1600-1900 m)
This assemblage can be observed at an elevation range of 1600 to 1900 m. The tree, shrub, and herb layer possess characteristic species of Ziziphus jujuba Mill., Zanthoxylum armatum DC., and Rumex nepalensis Spreng, respectively. The north-west aspect was one of the determining factor of this association since those slopes received less direct sunlight. Other main influencing environmental variables in the formation of this association were the low pH value of soil and trace amount of organic matter. Associated co-variables were lower electrical conductivity, high phosphorous contents, and sandy loam to clay loam sort of soil texture. Anthropogenic disturbances in this association included timber removal and plant collection for different purposes (Figures 4-7) .
Plant association of middle elevation (1900-2150 m)
This association exists in the elevation ranges from 1900 to 2150 m asl. The southern aspect plays an important role in determination and differentiation of this plant association. Quercus incana Bartram, Cornus macrophylla Wall., and Viola biflora L. were the idiosyncratic species of this association. This plant association showed its best development in southern-east facing slopes at middle elevation range of the mountains, where vegetation was exposed to direct solar radiation due to slope orientation. The other related influencing variables were relatively high phosphorous contents in soil, slightly basic soil pH, and sandy loam textural soil. In contrast to the association 2 the pH value of soil at this association is slightly higher. The other associated co-variable was contents of organic matter, which plays a small role in the unique development of this plant association (Figures 4-7) .
Plant association of higher elevation (2150-2400 m)
This association is formed at high elevations, 2150 to 2400 m asl. This association was the tree dominating association composed of moist temperate vegetation, including Cedrus deodara Roxb. ex D.Don, G.Don, Viburnum grandiflorum Wall. ex DC., Achillea millefolium L., and Abies pindrow Royle. The important environmental variables determining this association were soil pH (ranging from 6 to 8) and sandy loam soil. This association develops in the middle higher regions of higher barometric pressure. Other environmental co-variables were electric conductivity, aspect, organic matter, and phosphorus contents in the soil. The main anthropogenic pressures on this association were the collection of medicinal plants and fodder and grazing of livestock (Figures 4-7) .
Plant association of highest elevation (2400-2626 m)
This was the association of highest elevations in the TsFD, ranging from 2400 to 2626 m asl. The Abies pindrow Royle, Daphne mucronata Royle, and Potentilla nepalensis Hook. were the characteristic species of this association. High altitude and low temperature were the determinant factors prevailing throughout the growing season. This high elevational plant association has low species richness in contrast with other plant associations of the area. The pH of soil (slight acidic) was the important decisive environmental variable favouring growth and development of specific sorts of plant species in this association. Other co-variables were slightly higher phosphorous contents in the soil, low soil organic matter, and sandy loam soil (Figures 4-7) .
Ecological gradient of plant associations
Correspondence analyses through CANOCO offer ecologists the choices to explore ecological gradients of vegetation directly through canonical correspondence analysis (CCA) or indirectly through detrended correspondence analysis (DCA). Results obtained through both sorts of technique are presented below.
Gradient analysis through DCA
A plant species matrix was used for DCA procedures, showing a long gradient length of the 1st axis that was equal to 4.205 SD (standard deviation) ( Table 1 ). The primary two axes of DCA described 16.29% of the variance in the species data. The scatter plot of the data was generated as an ordination graph for better visual elucidation. The DCA diagrams indicate a continuous gradient in composition and diversity of species as well as association. The 1st axis demarcates the associations and habitats of the lower elevation from the higher one. Associations 1 and 2 occupy the left-hand side and associations 3 and 4 can be located on the right-hand side, while association 5 is located at the top side of the DCA diagram. In ecological terms, subtropical plant species are present at the lower elevation in association 1. Plant species of slightly dry habitats of forests (at lower-middle elevations and north-west aspect) and of more likely moist temperate habitats (at lower- middle elevations with south-east aspect) are clustered in the middle of the graph (associations 2 and 3), while species of moist temperate habitats of a mesic nature (occurring at high elevations) are assembled in associations 4 and 5. Species richness and diversity increase from left to right up to the middle and then decrease up to the end at the righthand side. The 2nd axis of the DCA plot showed the aspect variation of vegetation, i.e. by grouping the associations of north-west aspect slopes to the upper and south-east aspect to the lower side of the graph. As a whole the 2nd axis exhibits a geomorphological and physiographic gradient complex of relatively thin soils on south-eastern slopes to the shady surfaces of relatively deep soils of north-eastern slopes ( Figure 5 ). Table) .
Gradient analysis through CCA
It was hypothesised that various environmental factors, i.e., aspect/slope, elevation, and soil composition, would be the key determinant factors for vegetation's variation and association formation in the region. To test this hypothesis, both the species and environmental data matrices were treated by CCA method together in CANOCO to examine whether the formation of plant associations was aligned with the measured environmental variables or not. Our findings showed high significance of these variables in the formation of plant associations in terms of test statistics (P ≤ 0.002). The input of environmental data through CCA identified the ecological gradients for the constitution of a specific association type. The CCA graph (bi-plot) exhibited that both the composition and abundance of plant species were a reflection of the variations in the ecological gradients like elevation, aspect, and soil composition, i.e. association 1 was distinguishable under the cumulative effect of electrical conductivity and least organic matter of the soil, associations 2 and 3 were unique under the influence of aspect, and associations 4 and 5 were prominent due to the impact of pH (P value ≤ 0.002). The determination of ecological gradient procedures through CCA both for stations and species advocates that the first axes was primarily associated with soil electrical conductivity and soil organic matter; the second axes were correlated mainly with aspect and partially with soil pH, texture, and phosphorous contents. The strongest ecological variable of the 1st axes can be clearly conceded from the stations and species CCA diagrams (Figures 6 and 7) . The stations + environmental bi-plots and species + environmental bi-plots confirm each other by making habitat and species association with the environmental data respectively. Pearson's correlations with ordination axes for the CCA plot pointed out a significant correlation of the axis with the geoclimatic variables (i.e. aspect, elevation, and soil composition). Pearson's correlations with CCA ordination axis indicate that the first axis (e = 0.543) was principally correlated with the soil EC (r = -0.2136). The second axis (e = 0.176) was correlated mainly with soil pH (r = 0.8867), while the third axis (e = 0.128) was associated partially with aspect (r = -0.514). The overall stations and species ordination diagrams utilised the first two axes (Table 2 ; Figures 6 and 7).
Discussion
Forest ecosystems all over the world usually have diverse biological associations due to their quickly changing microclimate, landscape, and geomorphological histories (Martijn and Herben, 2003; Fosaa, 2004; Khan et al., 2011) . The distribution of individuals of the same and different plant species in a particular association is the application of microenvironmental impacts, time, and biotic relationships. The plant species congregate in an association in a definite fashion and hence can assist in vegetation quantification and evaluation. The classification of natural ecosystems into potential plant communities or associations and habitat types is important for the longterm management of natural resources (Ewald, 2003; Abbasi et al., 2013; Khan et al., 2016c; Rahman et al., 2016b) . The vegetation classification and ordination also overcome problems of comprehension to some extent by summarising field data in a low-dimensional space with similar samples and species near together and dissimilar ones far apart (Smith, 2010; Khan et al., 2013c) .
Phytogeographic distribution
Uneven topography, rough terrain, and far flung location make it difficult to sample vegetation intensively in the Western Himalayan region. Previous studies of plant associations in the developing world have often adapted conventional ways of phytosociological classifications, where the association names were given on the basis of dominant species having high importance values. In this paper we have adopted statistical and objective approaches for classification and ordination of plant associations. The DCA and CCA elucidated aspect, altitude, and soil chemical composition as the strongest explanatory variables. The results further revealed subtropical characteristic species in associations 1 and 2 at the lower elevations, for example Pinus roxburghii Sarg., Punica florida Salisb., Dodonaea viscosa (L.) Jacq., Zanthoxylum armatum DC., and Zizyphus jujuba Mill. On the other hand, the moist temperate zone can (Wazir et al., 2008; Saima et al., 2009; Shaheen et al., 2011; Khan et al., 2015) . Vegetation of the studied area appears between the subtropical and moist-temperate zones having Sino-Japanese and IranoTuranian floristic elements. On the basis of the definition of ecotone provided by Peters et al. (2006) , as a zone where a directional spatial change in vegetation is faster than on either side of the zone, we advocate that the TsFD occupies a sort of transitional floristic position between these two regions. Studies of the adjacent mountain ranges, the Karakorum and the Hindu Kush (Nüsser and Clemens, 1996; Chawla et al., 2008; Chevallier et al., 2011) , also confirmed many of the Himalayan regions as a transitional location on the edge of the moist and dry temperate zones of the Western Himalayan Province on one side and subtropical on the other. Our findings showed strong moist temperate floral elements within the vegetation, with the overall dominance of herbaceous species (61%), which can be seen in the publication based on studies on the Indian parts of the Himalayas (Kharkwal et al., 2005) . Zobel and Singh (1997) wrote that such vegetation features can be expected in the Himalayas, and western parts of the Himalayas (like our study area) are becoming more like the Hindu Kush and the Karakorum mountain ranges rather than the eastern Himalayas itself. Similar to our 1st and 2nd associations, Siddiqui et al. (2009) (Hegazy et al., 1998; Wang and Singh, 2006; Davies et al., 2008; Khan et al., 2012) . The above-mentioned studies differ from ours as they lack the use of any sort of statistical analyses.
Use of database technology in vegetation monitoring
Management and monitoring of plant habitats and restoration of the disturbed one requires multiscale techniques. The GEO database is a suitable database for managing ecological data for monitoring purposes. It eases the data processing for meta-analysis via producing manageable structures and standardisation from dispersed data sources (Safford et al., 2005) . Such a database combines ArcMap data with Microsoft Access for single entry, processing, storage, organisation, visualisation, and analyses. This sort of data set then not only allows use of topology and rules application for data quality control and covers re-classification, but also serves as a beneficial organisational receptacle within a GEO database. The execution of this GIS framework also aids spatial modelling, which ultimately helps in the recognition of indicator species of a specific habitat or association.
Conservation management
This study has several important suggestions for the modelling and planning of guzara and reserve forests areas. The study reveals that TsFD areas within upland forests are certainly a valuable resource for the conservation of plant biodiversity as these host high species richness and a number of infrequent species. The plant associations in these habitats represent distinctive amalgamations of different plant species. Clearly, moist temperate and subtropical habitats in Thandiani forests establish an ideal ground for conservation. Ecologists and conservation practitioners often neglect small forested regions in part due to a lack of clear denotation of habitat types. By identifying indicators for a representative zone (Khan et al., 2016b) and the finding presented here should facilitate the recognition and conservation of these valuable plant association types. Forest and habitat types identified here will also help all the stakeholders to understand the relative conservation value of different sites and plant biodiversity. It is concluded from this study that the ecological gradient of the region has vital role in the determination of various plant associations of the area. Individual plant species and associations changed with the change in topographic, edaphic, and climatic gradients both qualitatively and quantitatively. Plant ecologists have commonly been conscious that vegetation shows a discrepancy over a broad variety of specific variables in an ecosystem. Therefore, it was necessary to apply such multifold approaches and methods through CANOCO and GEO database to document the present-day status and make a way for future conservation management of plant biodiversity in the studied as well as adjacent regions. Cedrus deodara (Roxb. ex D.Don) G.Don
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